Objectives-To investigate socioeconomic variations in the utilisation of tertiary cardiology services. Design-Cross sectional ecological study, using the Super Profile classification of enumeration districts, and ischaemic heart disease standardised mortality ratios as a proxy for need. Setting-The former Yorkshire Regional Health Authority area in England and its seven constituent district health authority areas. Subjects-Patients with a primary diagnosis of ischaemic heart disease aged > 25 years who underwent investigation by angiography, or treatment by coronary artery bypass grafting (CABG) or percutaneous transluminal coronary angioplasty (PTCA), as a primary procedure between April 1992 and March 1994 in an NHS hospital. Main results-There is an overall increasing trend in investigation and revascularisation rates from the aZuent to the deprived in the region suggesting equity. However, the gradient is slight compared with the corresponding mortality gradient. Age specific analysis shows a more appropriate trend in rates for the under 65s, but a downward trend from aZuence to deprivation for the elderly. Much of the regional trend is caused by very high rates in one geographically small but densely populated district that has two tertiary cardiology centres. In other districts, with higher heart disease mortality but much lower procedure rates, there is a decreasing trend from the aZuent to the deprived suggesting considerable inequity. Conclusions-This study confirms wide socioeconomic variations in coronary investigation and revascularisation within the former Yorkshire Region, suggesting that in some districts need is not being met and that service utilisation is inequitable. Such inequities are over and above those that result from proximity to tertiary cardiology centres.
Geographical inequalities in coronary heart disease mortality and morbidity have been reported at national, regional, district, and electoral ward levels, and shown to be associated with socioeconomic status. [1] [2] [3] While there has been an overall decline in mortality in recent years, evidence suggests it is at the expense of widening inequalities. 4 The need for action to tackle variations in health has been acknowledged 5 as a central determinant to the achievement of the Health of the Nation 6 strategy. Although the main determinants of health are individual lifestyle factors and general socioeconomic, cultural, and environmental factors, inequities in health care access and utilisation can also influence cure or survival 7 and thus require monitoring and resolving.
Equity in health care, one of the founding principles of the NHS, means fair distribution across individuals and groups in society according to need. Equal access to health care for equal need should account for the diVerential costs to patients (supply factors), and equal utilisation for equal need should also consider demand factors and ensure that there are additional resources in place to overcome the extra barriers faced by the most deprived. 8 Inequalities in hospital utilisation rates have previously been demonstrated, and again associated with socioeconomic status. 2 3 9 In highlighting the issue of equity the Audit Commission 10 specifically advocates the monitoring of patterns of revascularisation provision. This study explores the hypothesis that the socioeconomically deprived, with more heart disease mortality and morbidity, do not receive more investigations (coronary angiography) or revascularisations-that is, service utilisation is inequitable and the needs of the socioeconomically deprived are not being met. Evidence of the eVectiveness of revascularisation has been available for some time. 11 12 Despite this, wide variations in the utilisation of revascularisation have been demonstrated between countries, regions, and districts. 13 14 While these diVerences have been shown to be related to the availability and proximity of cardiologists and catheterisation laboratories, 15 the association with deprivation is less clear. A recent study 3 in one health authority district found no relation at all between revascularisation and deprivation using Townsend scores and electoral wards. However, a national aggregation of electoral wards into quartiles of Townsend deprivation score, suggested inequitable provision of coronary artery bypass grafting (CABG) for men but not women. 16 Kee et al 17 failed to detect any socioeconomic diVerences in investigation rates in Northern Ireland using similar methods. Using SCOTDEP scores based on postal code, Findlay et al 18 showed an excess of investigation of patients from low socially deprived areas. More than fivefold geographical diVerences in district rates for CABG and for percutaneous transluminal coronary angioplasty (PTCA) have been shown in the UK, 19 largely because of differences in supply and geographical proximity; with higher intervention rates associated with more deprived districts, but conflictingly also associated with lower standardised mortality ratios (SMRs). 15 The contradictory results shown by different studies may partly be caused by methodological diVerences. Because socioeconomic data are not routinely available for individuals undergoing tertiary cardiac surgery, ecological studies linking area-based census information to individual health information are necessary. In addition to the potential problems associated with the ecological fallacy, the size of geographical areas chosen for comparison, plus the choice of census variables to indicate deprivation and the methods of combination may aVect the results.
Previous local analysis, 2 using electoral wards as the geographical area of analysis and Jarman underprivileged area score (UPA) as a measure of relative deprivation in one district of the former Yorkshire Region (United Health, Grimsby and Scunthorpe, see figure  1 ), showed a strong positive association between mortality and deprivation, but a much weaker correlation between heart disease procedures and mortality. In an attempt to overcome some of the problems that may be responsible for the conflicting results previously shown, this paper uses the relatively novel Super Profile 20 methodology.
Method
1991 Census small area statistics for the former Yorkshire Region provided the population denominator. These data for each enumeration district (in five year age bands by sex to facilitate direct standardisation) were electronically assigned to one of 10 Super Profile Lifestyle groups, figure 2. Summation using Excel software provided district and regional population totals by sex and age band for each lifestyle group. Regionally collated hospital activity data were acquired for residents of the Yorkshire Region who underwent (at any NHS unit either within or outside the region) an OPCS "K" code procedure, or whose primary diagnosis was recorded as ischaemic heart disease (ICD9 410-414) or chest pain (ICD9 786.5) during the financial years 1992/3 (27368 FCEs) and 1993/4 (33675 FCEs). Two years data were used to increase the study size. Some 98.3% and 98.9% respectively of FCEs in these data files were successfully matched to a lifestyle group using postcodes. Merging the files and restricting to one episode per patient aged 25 years and over with a primary This process repeated for angiography (K63-65) resulted in a database of 6981 patients (5266 men and 1715 women).Thus investigative procedures and revascularisations were not subsidiary to any other procedure (for example, valvular) nor the result of congenital defects. One episode per patient was included assuming that once having gained access to the service any barriers had been overcome. Average annual age adjusted utilisation rates per million population with 95% confidence limits were calculated for the region and its seven constituent districts, and then compared to assess equity of utilisation. Rates were standardised to the European Standard Population. 6 Detailed examination of utilisation rates across lifestyle groups for each district, and for each lifestyle group across districts is reported elsewhere. 21 SMRs for districts and for lifestyle groups are used as a proxy for need.
Results
There is an overall increase in the under 65 years regional revascularisation rate across the lifestyle groups from AZuent achievers (I) to Have-nots (X), figure 3. However, the gradient is not as steep as expected given that those in the poorest groups are twice as likely to die from heart disease as those in the aZuent groups.
The older age group experiences a decrease in revascularisation rates from the aZuent to the deprived despite increasing mortality experience, and suggesting considerable inequity, figure 4.
These trends are not consistent across all Lifestyle Groups, there being a considerably lower rate for the country life (II) profile, repeated in all regional age group and sex analyses and in the angiography utilisation analysis. 21 Comparing districts, there is an almost threefold diVerence in both investigation and revascularisation rates, table 1. Despite having a national average coronary heart disease mortality experience (and possibly contributing to this) residents of Leeds district have the highest investigation and revascularisation rates and a socioeconomically equitable service, figure 5. This district's rates profoundly influence the regional results. Residents of United Health (Grimsby and Scunthorpe district), which has 
experience low investigation and revascularisation rates but also a downward trend from AZuent achievers (I) to Have-nots (X), suggesting considerable inequalities in health care utilisation, figure 5 . Residents of West Yorkshire, again experiencing high mortality fare worse, showing a diVerence between the trend for angiography and that for revascularisation, figure 6.
AZuent achievers (I) are likely to gain access to tertiary cardiology services regardless of district of residence.
Discussion
Using Super Profile multidimensional classification we have demonstrated that there are wide socioeconomic inequities in angiography and revascularisation within the former Yorkshire Region, particularly marked in some districts where rates are low but mortality experience high, and particularly in the older age group where death rates are also considerably higher. On the whole, low rates are experienced by the Rural aZuent (country life II), whereas the AZuent achiever (I) group seem to obtain surgical interventions regardless of geographical residence, and despite lesser need as measured by mortality. Possible explanations for the variations shown here are discussed.
METHODOLOGICAL LIMITATIONS
Hospital episode statistics (HES) can readily be used to explore variations in service utilisation by age, sex, and geographical location. Variation by ethnic group can also now be assessed. Socioeconomic variation, however, is diYcult to determine because the necessary data on individual patient income, expenditure, and wealth to ascertain poverty are not routinely collected, and nor are individual proxy measures such as social class, education, or occupation. To overcome this, patients are often classified (using postcodes) by the overall socioeconomic characteristics of the area in which they live-that is, by a deprivation index derived from census data and thus based on the aggregate characteristics of the majority of individuals resident in the area.
This census-based (ecological) methodology, linking individual health outcomes or eventsthat is, death, hospital episode or operationwith an aggregate indicator of deprivation for exploring socioeconomic associations, is subject to the ecological fallacy 22 23 and thus criticised, (the characteristics of an area may not represent the characteristics of an individual). However, Kreiger 24 in the USA validates the census-based approach by matching census data to individual membership records in a pre-paid health plan. UK evidence using individuals as the unit of observation also supports the notion that ecological correlations between deprivation and health are produced by the associations of the relevant variables in individuals. 25 Sloggett and Joshi 26 use data from the OYce of National Statistics Longitudinal Study to show that the association between area disadvantage and premature mortality is explained by individual socioeconomic circumstance.
Evidence suggests that the smaller the area the more likely a patient is to reflect its characteristics. 24 27 Hence enumeration district (ED) analysis should be less prone to the ecological fallacy, although one study comparing EDs and electoral wards, 28 showed no diVerences. Whereas most previous studies exploring socioeconomic equity of angiography or revascularisation and showing inconclusive results use districts or electoral wards, the Super Profile methodology uses EDs, the smallest and most homogeneous area for which census data are available. Although the impact of the ecological fallacy should therefore be minimised, this can only be tested by collecting detailed information from individual patients and comparing with their Super Profile assigned Lifestyle Group. However, the scope for ecological fallacy is limited because action to resolve specific inequities would be targeted at individuals rather than aimed at the entire population.
Which census variables to choose as indicators of socioeconomic status and how many is uncertain, as is the best method of aggregation to provide a measure of deprivation. Simple addition fails to account for the diVerential impact of indicators. This may be overcome by weighting, but the theoretical basis for the derivation of weights (dependent on the concept of deprivation being measured) needs careful consideration. Criticism abounds in the use of such indicators other than for the purpose they were derived (for example, Jarman UPA). 29 Deprivation, however, is a multidimensional concept requiring a multidimensional view of socioeconomic circumstance if socioeconomic diversity is to be more meaningfully reflected. The Super Profile methodology uses multivariate techniques to combine census indicators for EDs. Principal component analysis transforms 120 highly correlated census variables that reflect deprivation to fewer less correlated variables, while maintaining as much of the original variation in the data as possible. Cluster analysis groups similar EDs at three levels. The most aggregated level is used for this KEY POINTS x Inequities in utilisation of health care can influence cure or survival and thus need monitoring and resolving.
x Super Profile analysis shows wide socioeconomic inequities in angiography and revascularisation utilisation between districts and within districts in one region.
x Inequities shown are over and above those associated with proximity to a tertiary cardiology centre.
x Districts with low angiography and/or revascularisation rates should consider increasing their provision, targeted at the socioeconomically disadvantaged.
analysis with the 10 lifestyle groups sequenced using the scores of the first principal component to form an index of aZuence, figure 2.
Super Profile thus uses EDs, the smallest and most homogeneous area for which census data are available, and a multidimensional concept of deprivation while attempting to overcome problems of multi-collinearity. The usefulness of the methodology has been eVectively demonstrated for the analysis of health conditions incidence data, 30 in measuring child health inequalities, 31 and in assessing socioeconomic diVerences in Health of the Nation target indicators, for example, coronary heart disease, stroke, breast cancer, lung cancer mortality, etc. 32 Although Super Profile is a multidimensional classification and arguably more suitable than unidimensional indices, interpretation of the results depends on the system measuring what it purports to measure. Good correlation with other deprivation scores (Townsend, Carstairs) suggests the Super Profile ranking of aZuence is consistent. 32 Furthermore, a review of multidimensional classification systems concludes that there is a place for Super Profiles in health service research. 33 Other methodological limitations that may cause bias are incomplete and inaccurate data, resulting in failure to assign some postcodes to a lifestyle group. This could be because of postcode inaccuracies in the hospital episode data, or to the lack of completeness of the OPCS postcode to ED directory. However, as only 1.5% of approximately 61 000 FCEs (from which the final 11 000 FCEs were extracted) failed to be matched to a Super Profile group, and there is no reason to suspect any systematic bias among these, incomplete or inaccurate data are not thought to be a problem in this study.
Private hospital utilisation for tertiary cardiology over the period may also have aVected the results. These data are not routinely available and thus 10-20% of cardiac surgical interventions may have been excluded. However, as it is the aZuent who are more likely through either self funding or insurance to use private hospitals, the inclusion of these data would only decrease the gradient eVect from AZuent achievers (I) to Have-nots (X) seen for the region as a whole, and for the comparatively well provided districts. In districts where there is already a downward trend from AZuent achievers (I) to Have-nots (X), the inclusion of private hospitals would probably increase socioeconomic inequalities shown.
DATA ARTEFACT
It is unlikely that systematic bias explains the observed diVerences because the data are obtained from several tertiary centres treating patients from all seven districts, and all 10 Super Profile groups. Also, comparative rates for diVerent socioeconomic groups are more important than definitive accurate levels of provision, so absolute accuracy of HES data is unimportant for this study.
PATIENT RELATED FACTORS Although rates have been standardised for age and sex, ethnicity was not routinely collected between 1992-4, prohibiting standardisation for this variable. Ethnic minorities contributed only 1-2% to the population totals in most districts, for example, United Health, but there were larger ethnic minority populations in West Yorkshire and Bradford. Also, obesity, smoking, and alcohol consumption might be confounding factors, but routine data are not available to assess these at ED level. Contraindications to procedures may be more prevalent in the lower socioeconomic groups and other comorbidities, for example, chronic obstruction of airways disease, may influence clinical appropriateness for revascularisation. Inability to adjust for these factors might have overestimated the degree of inequity but is unlikely to explain all of it.
Attitudes, expectations, and illness behaviour, which may in part explain the results, are beyond the scope of this study. However the Inverse Care Law, 34 which states that the more aZuent although less needy are empowered to gain greater access, may explain higher rates in the AZuent achievers (I) and Thriving greys (III) profile groups.
More research is required to determine reasons for low cardiac surgical interventions in the Country life (II) group. One possible factor is their high rate of self employment. 32 
SERVICE RELATED FACTORS
Geographical proximity to tertiary centres and cardiologists has been previously shown partially to explain diVerences in CABG/PTCA rates. 15 This may be responsible for the very high rates in Leeds, a district of comparatively small geographical area but with two providers of tertiary cardiology services (at the time of the study). Low country life (II) profile rates observed may be conversely explained.
Clinical judgement or attitudes towards individual patients may partially explain diVerences. One study suggests that GP decisions about referral for angiography may contribute to unequal access for some patient groups. 35 Fundholding status may also influence referrals. Appropriateness of referral has been shown in the United States to explain some variations in the use of cardiac surgical interventions. 36 37 Further research would be required to explore the extent to which such factors may explain the observed diVerences.
Compared with previously using Jarman and electoral ward-based analysis in one district (United Health), where only a very weak association was found between heart disease procedures and mortality across deprivation groups, Super Profile lifestyle grouping shows a clear association between deprivation and procedures, suggesting an advantage for ED level analysis and multidimensional socioeconomic grouping. However, this comparison would have to be more formally tested using other deprivation indices, for other areas of the country, and for other specialty provision, for example, orthopaedics/total hip replacement, before the use of Super Profiles could be more generally recommended. In addition, conclusions in this paper have been based on the visual presentation of trends, and further work exploring the statistical association between lifestyle group rates and SMRs would be valuable. The public health significance of our results could be further clarified using the rates seen in the AZuent achievers (I) group as normative and calculating the shortfall in each of the other lifestyle groups.
If its sensitivity suggested by our studies was confirmed, ease of application would make the Super Pofile classification a useful tool for routinely monitoring access to health care. The process is straight forward. Once census population data are super profiled and spread sheets set up to calculate standardised rates and confidence intervals, monitoring requires only periodic analysis of readily available contract minimum data set (CMDS) data. Monitoring might in itself encourage further improvements in the quality of routine data.
As the Super Profile system electronically assigns a lifestyle group to individual postcodes, action to overcome any socioeconomic inequities found could include, for example, flagging socioeconomic group on health data as for ethnicity (for example, general practice morbidity datasets, hospital case notes, and outpatient/inpatient datasets), followed by prioritisation of the deprived. As correlation between diVerent measures of deprivation has been shown to be particularly consistent at the extremes of the measures, suggesting greater accuracy of ecological methods in predicting the most aZuent or most deprived, 38 using deprived Lifestyle Groups VIII, IX, and X, as an indicator for prioritisation, and Lifestyle Groups I and II as an indicator of the need to critically examine appropriateness, should result in more equitable service provision.
Finally, revascularisation rates in some districts are low compared with others in the region, and in view of the British Cardiac Society's 39 recommendation of 1000/million revascularisation procedures per annum. Consideration needs to be given to increasing the total rate, with any increase targeted at the socioeconomically deprived, after consideration of appropriateness criteria.
